ABSTRACT: Polyphenols are important antioxidant constituents of apples and they contribute positively to human health because they possess an antiradical activity. Fifteen apple varieties were analysed for their total polyphenol content (TP) by two methods -by Folin-Ciocalteau reagent (FC) and by EBC method with carboxylmethylcellulose/sodium ethylendiamintetraacetate (CMC/EDTA) and their antiradical activity (ARA) by DPPH method using stable free radical 1,1-diphenyl-2-picrylhydrazyl (DPPH·). TP and ARA were determined in freshly expressed apple juice and apples and obtained results were statistically evaluated. The differences between varieties were significant. The correlation between TP content determined by FC method determining all free aromatic hydroxyls and EBC method determining mainly ortho-aromatic hydroxyls was found with r = 0.73. The highest differences among analysed varieties were found for ARA values in both, juice and apples and for TP content determined by FC in apples. High polyphenol content was found in Jonagold, Jonalord, Melodie and Melrose varieties both, in apples and juices; on the contrary low TP contents were estimated in Gloster and Rosana varieties. The highest ARA levels were found in Rajka, Bohemia and Melrose varieties, compared to low ARA levels found in apple fruits of Šampion and Topaz varieties. phenolic acids, and flavonoids and correlated well with polyphenols and flavonoids (0.9207) (Leontowicz et al. 2003) . Also Lee et al. (2003) confirm that flavonoids such as quercetin, epicatechin, and procyanidin B-2 rather than vitamin C contribute significantly to the total antioxidant activity of apples. A highly linear relationship (R 2 > 0.97) was attained between concentrations and total antioxidant capacity of phenolics and vitamin C. Among individual compounds the estimated contribution of major phenolics and vitamin C to the total antioxidant capacity of 100 g of fresh apples expressed in vitamin C equivalent antioxidant capacity (VCEAC) was: quercetin (40.39) > epicatechin (23.10) > procyanidin B-2 (22.07) > vitamin C (12.80) > phloretin (9.11) > chlorogenic acid (8.75). In apples five major polyphenolic groups with the total of sixteen individual compounds were found, among which the dihydroxycinnamic acid esters, phloretin glycosides, and flavan-3-ols were found in both flesh and peel, whereas quercetin glycosides were almost exclusively found in the peel (Tsao et al. 2003) . In both apple peel and flesh, the predominant group of polyphenolics was the procyanidins, followed by quercetin glycosides in the peel and hydroxycinnamic acid esters in the flesh. Compared to the pulp of the apples, skin-extracts show a higher antioxidant potential (Schirrmacher, Schempp 2003) . Wolfe et al. (2003) confirmed that within each variety, the total phenolic and flavonoid contents were significantly the highest in the peels, followed by the flesh. As Chinnici et al. (2004) discovered, among the single classes of compounds, procyanidins (in peels and pulps) and flavonols (in peels) statistically correlated to the total antioxidant capacity.
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Consumption of fruits or vegetables has been shown to be effective in the prevention of heart and cardiovascular diseases and atherosclerosis (Stangl et al. 2005) . These benefits are often attributed to the high antioxidant content of some plant resources. Besides size, shape, colour and taste of the fruit, a new quality parameter is becoming more and more popular -a bioactivity of the fruit and its healthpromoting effect for the consumer (Schirrmacher, Schempp 2003) . Apples are commonly eaten and are large contributors of phenolic compounds in European and North American diets (Wolfe et al. 2003) . Apples are commonly eaten in Middle Europe during the whole growth period and are large contributors of secondary plant metabolites in human diets (Schmitz-Eiberger et al. 2003) . Though the antioxidant activity is caused both, by phenolic compounds and ascorbic acid, it was demonstrated by Gliszczynska-Swiglo and Tyrakowska (2003) that Trolox ® equivalent antioxidant capacity (TEAC) value depends mainly on their polyphenol content. Apples are a major source of flavonoids in Western diet (Lachman et al. 2000a ) and they may help to protect against chronic diseases with their antioxidant mechanisms (Lotito, Frei 2004) . Correlation studies showed that total phenolic compounds contribute strongest to the TEAC antioxidant value of apple while the contribution of ascorbic acid seemed to be low. Flavonols, flavanols, procyanidins, dihydrochalcones, and hydroxycinnamates were the identified phenolic classes in peel tissue, and the most abundant compounds are epicatechin, procyanidin 132, and phloridzin (Chinnici et al. 2004 ). The major phenolics in pulps were procyanidins and hydroxycinnamates and flavonols in amounts < 20 mg/kg fresh weight (FW). Some of them serve as substrates to enzymic browning of apple tissue by the effect of polyphenol oxidases (Lachman et al. 2000b phenolic acids, and flavonoids and correlated well with polyphenols and flavonoids (0.9207) (Leontowicz et al. 2003) . Also Lee et al. (2003) confirm that flavonoids such as quercetin, epicatechin, and procyanidin B-2 rather than vitamin C contribute significantly to the total antioxidant activity of apples. A highly linear relationship (R 2 > 0.97) was attained between concentrations and total antioxidant capacity of phenolics and vitamin C. Among individual compounds the estimated contribution of major phenolics and vitamin C to the total antioxidant capacity of 100 g of fresh apples expressed in vitamin C equivalent antioxidant capacity (VCEAC) was: quercetin (40.39) > epicatechin (23.10) > procyanidin B-2 (22.07) > vitamin C (12.80) > phloretin (9.11) > chlorogenic acid (8.75). In apples five major polyphenolic groups with the total of sixteen individual compounds were found, among which the dihydroxycinnamic acid esters, phloretin glycosides, and flavan-3-ols were found in both flesh and peel, whereas quercetin glycosides were almost exclusively found in the peel (Tsao et al. 2003) . In both apple peel and flesh, the predominant group of polyphenolics was the procyanidins, followed by quercetin glycosides in the peel and hydroxycinnamic acid esters in the flesh. Compared to the pulp of the apples, skin-extracts show a higher antioxidant potential (Schirrmacher, Schempp 2003) . Wolfe et al. (2003) confirmed that within each variety, the total phenolic and flavonoid contents were significantly the highest in the peels, followed by the flesh. As Chinnici et al. (2004) discovered, among the single classes of compounds, procyanidins (in peels and pulps) and flavonols (in peels) statistically correlated to the total antioxidant capacity.
Content of polyphenolic antioxidants is affected by many factors, mainly by apple variety (Davey, Keulemans 2004; Wolfe et al. 2003; SchmitzEiberger et al. 2003) , fruit development (Kondo et al. 2002) , conditions during long-term storage (Leja et al. 2003) , superficial scald development in apple fruit (Fernandez-Trujillo et al. 2003) , and solar radiation (Colavita et al. 2004) . The aim of this study was to compare the content of total phenolics and antioxidant activity of fifteen apple varieties. apples (five apple fruits of each variety) was liquidised and apple juice obtained by pressing through gauze was percolated with N 2 for 5 min and left stand in the 20 ml test tubes sealed with paraffin in the refrigerator in the dark for ca. 1 hour before analysis. Other portion of fresh samples (obtained from five apple fruits of each variety) was after liquidising extracted with 80% water ethanol in darkness and left at laboratory temperature for seven days. The weight of samples represented 10 g. Obtained extracts were converted into 100 ml volumetric flask and adjusted with 80% water ethanolic solution to the mark. 0.5 ml aliquots were pipetted for the determination. Determination of total phenolics (TP) by FolinCiocalteau (FC) method: For the determination of total polyphenols the adjusted method (Lachman et al. 2000c ) with Folin-Ciocalteau reagent was used. Sample (0.5 ml) was pipetted into 50 ml volumetric flask and diluted with distilled water. Then 2.5 ml of Folin-Ciocalteau reagent was added and after agitation 7.5 ml of 20% sodium carbonate solution was added. After 2 hours standing at laboratory temperature absorbance of samples was measured on the spectrophotometer Heλios γ (Spectronic Unicam, GB) at wavelength λ = 765 nm against blank. Results were expressed as gallic acid equivalents (in mg/kg fresh matter -FM in the case of fresh material and mg/l in the case of apple juice, gallic acid Merck, D). Average results were obtained from three parallel determinations.
MATERIAL AND METHODS
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Determination of total phenolics (TP) by EBC method by Basařová et al. (1993):
Into 25 ml volumetric flask to 10 ml of apple sample, 8 ml of carboxylmethylcellulose/sodium ethylendiamintetraacetate (CMC/EDTA) and 0.5 ml ammonium ferric citrate solutions were added. After thorough agitation 0.5 ml dilute ammonia solution was added and after agitation the flasks were adjusted with distilled water till the mark. After 10 minutes standing at laboratory temperature absorbance of samples was measured on the spectrophotometer Heλios γ (Spectronic Unicam, GB) at wavelength λ = 600 nm against blank. Blank: Into 25 ml volumetric flask to 10 ml of apple sample 8 ml of CMC/EDTA and 0.5 ml diluted ammonia solutions were added and then the volume was adjusted with water to the mark. CMC/EDTA solution: 10 g CMC and 2 g EDTA was diluted in water (ca. 1.5 hrs) in a 1,000 ml volumetric flask and filtered. CMC with low viscosity (Merck, Germany) was used. Ammonium ferric citrate solution: 3.5 g ammonium ferric citrate (green powder) was diluted in water in 100 ml volumetric flask. Ammonia solution: 1 part of concentrated ammonia solution was diluted in 2 parts of distilled water. TP was calculated as TP = A 600 × 820, where TP are total phenolics (mg/l) and A 600 is measured absorbance. Average results were obtained from three parallel determinations.
Determination of antiradical activity (ARA) by DPPH· method: ARA was measured after the reaction with free stable radical 1,1-diphenyl-2-picrylhydrazyl (DPPH·) according to Molyneux (2004) . Fresh solution of DPPH in the concentration of 25 mg DPPH in 1 l of methanol should be prepared before the determination. 3 ml of violet DPPH solution is pipetted into plastic cuvettes of 10 mm length and absorbance is measured (t 0 ) at wavelength λ = 515 nm on the spectrophotometer Heλios γ (Spectronic Unicam, GB). Then 5 μl of sample is added and after stir with the hand stirrer in cuvettes the reaction mixture is left to stand for 5 min. The absorbance is measured again (t 5 ) and ARA is calculated from the decrease of absorbance in % according to relation: % of inactivation = 100 -[(A t5 /A t0 ) × 100]. Average results were obtained from seven parallel determinations and expressed as % of inactivation. It is also possible to * Significant difference at P < 0.05 ** (1) Bohemia, (2) Gloster, (3) Goldstar, (4) Jonagold, (5) Jonalord, (6) Melodie, (7) Melrose, (8) Otava, (9) Rajka, (10) Rosana, (11) Rubín, (12) Rubinola, (13) Selena, (14) Šampion, 
RESULTS AND DISCUSSION
Summary results are given in Table 1 . Total polyphenol content determined with Folin-Ciocalteau assay ranged from 760 mg/kg FW in cv. Rosana to 1,343 mg/kg FW in cv. Melrose. It corresponds to values obtained by Vrhovsek et al. (2004) , who estimated total polyphenols expressed as (+/-) catechin in eight apple varieties in range 662 to 2,119 mg/kg FW depending on the variety and the results of Thielen et al. (2004) , where mash concentrations ranged from 170 up to 1,004 mg/kg fresh weight. Content of total phenols in apple juice was lesser ranging from 331 mg/l in Selena variety up to 697 mg/l in Melodie variety. Lichtenhäler and Marx (2005) evaluated total oxidant scavenging capacity of apple juices in comparison with common European fruit and vegetable juices as average for hydroxyl radicals and apple, tomato, carrot, and sauerkraut juices were classified into the group with even lower antioxidant capacities against peroxyl radicals and peroxynitrite. Thielen et al. (2004) also confirmed a huge variation of polyphenol amounts (89-437 mg/l) and Kahle et al. (2005) estimated 154-178 mg/l for dessert apple juices, whereas for "old" German cider apple va-rieties 261-970 mg/l were determined. High polyphenol content was found in apples and juices of Jonagold, Jonalord, Melodie and Melrose varieties. On the contrary low TP contents was estimated in apple fruits of Rosana and Gloster varieties, which corresponds to low TP content in juices. The highest ARA levels were found in Rajka, Bohemia and Melrose varieties contrary to low ARA levels found in Šampion and Topas varieties, which does not unambiguously correspond to their low antioxidant antiradical activities in juices (Table 1) .
We agree with the results obtained by Schmitz-Eiberger et al. (2003) and Schirrmacher and Schempp (2003) that the high content of total polyphenols was demonstrated in Jonagold and Jonalord varieties with high antiradical activity in apples and juices. Leja et al. (2003) estimated relatively high total polyphenols in Jonagold and Šampion varieties, but in their results Jonagold variety showed total phenols higher in comparison with Šampion, while the contents of anthocyanins were comparable. In their work the increase of the antioxidant activity during storage correlated with an increase of the concentration of catechin and phloridzin and this ascertainment was also confirmed by Napolitano et al. (2004) . Thus the loss of L-ascorbic acid during storage among the early varieties could be balanced by the increase of total polyphenols (Davey, Keulemans 2004) .
A relatively good correlation between TP content determined by FC method and EBC method was found with r = 0.73 (Fig. 1) despite the fact, that contrariwise to FC method EBC method determines only free ortho-dihydroxy groups (Basařová et al. 1993) . The highest differences among analysed varieties were found for ARA values in both, juice and apples and for TP content determined by FC in apples (Tables 2 to  4 ). The differences between varieties were significant. Like Arnous et al. (2001) in red wines, we found only a non-significant link between the antiradical activity and the total phenolics suggesting that flavanols, esp. proanthocyanidins could be the class of polyphenols that account for hydroxyl free radical scavenging efficacy at a great deal (Vanzani et al. 2005 ). This could be caused by different amounts of individual phenolics (1996) who estimated the total antioxidant activity of twelve fruits and five commercial fruit juices using automated oxygen radical absorbance capacity (ORAC) assay and apples classified as average antioxidant sources among fruits. Interesting fact was that the contribution of the fruit pulp fraction to the total ORAC activity of fruit was less than 10%. DPPH does react neither with flavonoids that contain no OH-groups in B-ring ( Yokozawa et al. 1998 ) nor with aromatic acids containing only one OH-group (Roginsky, Lissi 2005; von Gadov et al. 1997) . It is interesting that TP contents in apple juices or apples determined by EBC are comparable to those found for beers (Basařová et al. 1993) . Some novel production methods (Van der Sluis et al. 2004 ) use selected apple varieties (Jonagold, Elstar, Golden Delicious) for the production of enriched juice by applying an alcoholic extraction either on the pulp or on the pomace with the antioxidant activity 5 times higher than in conventional apple juice. The high content of polyphenolic antioxidants in some varieties, especially in Jonagold, Jonalord, Melodie, and Melrose and the related antiradical activity indicates that breeding could enhance the content of these bioactive components. The fruits with high contents of phenolic substances may impart health benefits when consumed and should be regarded as a valuable source of antioxidants.
